Risk scoring methods applied in risk assessments used in Turkey, differ from each other in terms of analysis methods, scoring the risks, presumption and sensitivity levels. This article aims to eliminate the effects of divergent results of different risk analyses of lifting equipments used in the building industry and develop a practical hybrid risk analysis and ranking method. In this study risks of lifting equipments used in the building industry were scored by conventional Fine-Kenney risk analysis method first. Secondly, with the experience of previous accidents on construction sites, the reasons of accidents were sorted into 7 main criteria, which being 'Demographic', 'Behavioral', 'Machine Related', 'Working Environment Related', 'Economical', 'Administrative' and 'Organizational' criteria and related sub-criteria. Developing these criteria was supported by the experience of inspections carried out by labour inspectors. The weighted scores of these criteria were calculated by AHP method using a questionnaire applied to 14 experienced labor inspectors. The weighted scores obtained by the analytical hierarchy process method (AHP) were multiplied by the scores obtained by Fine-Kinney risk assessment method and a new integrated risk assessment and ranking application was introduced. With this application, a different priority rank was created and which risk to be eliminated primarily was determined.
INTRODUCTION
In recent years, the importance of construction has increased in the Turkish economy. According to TURKSTAT data, the ratio of construction sector in national income was 8.1% in 2014, 8.2% in 2015 and 8.6% in 2016. However, most of the fatal accidents occur in the construction sector inTurkey. According to Social Insurance Institution data, approximately 35% of deaths experienced in the construction sector every year. One of the most important reasons of serious accidents in construction cites is the lifting vehicles. These accidents also cause huge financial losses. Most of these accidents are easily prevented by calculating risks accurately based on risk assessment results.
With the Law No. 6331 (OH&S Act), risk assessment was made compulsory in all workplaces in Turkey in 2013. Widely used risk assessment methods on construction sites in Turkey are conventional '5x5 Matrix' (Matrix L) and 'Fine-Kinney' risk assessment methods. These methods are criticized because they contain subjective evaluations. Risk scores calculated in these risk assessment methods, the confidence level remains low depending on the person's knowledge and experience that the risk assessment. The success of the risk assessments made by these methods depends on the knowledge and experience of the expert. This reduces the success of these methods in calculating risks.
Multi-criteria decision making (MCDM) is a commonly used method to solve problems that arise when there are many criteria in the decisionmaking process. MCDM methods are frequently used in the solution of occupational health and safety problems and risk assessment studies. In this study, it is aimed to integrate Fine-Kinney method with AHP method. Firstly, the risks arising from the lifting vehicles were analyzed and scored by Fine-Kinney risk assessment method. In the second stage the weights of the hazard criterias were calculated by Analytical Hierarchy Process (AHP) method. At the last stage, the risk ranking was formed by multiplying the Fine-Kinney risk scores with the global weighted scores of each sub-criterion.
The main and sub-criteria used in the calculation of risk scores were determined by examining 1800 occupational accidents between 2015-2018 which resulted mortality. These main hazard criteria include; 'demographic', 'behavioral', 'working environment', 'machinery', 'organizational', 'managerial', 'economic' and their sub-criteria.
The data used in calculation of the weighted scores of hazard criteria with AHP method was obtained with a questionnaire applied to experienced labor inspectors. Global weighted scores of each sub-criterion were integrated into the Fine-Kinney risk analysis and the current risks were ranked according to the new risk scores and presented in a comparative chart.
The aim of the study is to increase the numerical sensitivity of risk scores obtained in traditional risk analysis methods, to determine different risk scores for the hazards calculated with the same risk scores as Fine-Kinney, and to determine a ranking in terms of the measures to be taken for these hazards. Thus, it is aimed to provide a guiding tool for occupational safety experts, managers and employers in order to determine the order of occupational health and safety measures in workplaces and to help planning the occupational health and safety measures.
RESEARCH METHODS

Analytical Hierarchy Process Method
In order to rank the alternatives or to choose the most suitable alternative, the process of evaluating the existing alternatives using quantitative and qualitative criteria is defined as multi-criteria decision making. The aim of the process is to find the most suitable option among the identified alternatives. Since multi-criteria decision making is used to rank alternatives with more than one criterion, it is a frequently used method to solve problems that occur in situations where there are many criteria and conflicting situations in the decision-making process [9] .
The Analytical Hierarchy Method (AHP) was introduced by Thomas L. Saaty in the 1970s to solve a specific programming problem. This hierarchical structure created with the AHP aims to making the best decision or choosing the best alternative in the top of the hierarchy. As the lower levels are reached, the features that contribute to the purpose and the details of these features are seen. Decision options creates the lowest level. AHP is a theory of measurement based on a double comparison of alternatives to a common criterion and provides significant assistance to decision makers for eliminating multi-choice and multi-criteria problems. AHP problems are formed by a hierarchical structure consisting of objectives, criteria, possible sub-criterion levels and alternatives for each problem [20, 21] .
Zhao [26] describes the AHP process in five steps: This method has been used in many areas such as employee health, occupational safety, fire and performance measurement at workplaces. Multicriteria decision making and risk ranking methods are also frequently used in researches on occupational health and safety [3, 6, 11, 12, 13, 24] .
Prior to this study, several studies on integrated risk assessment were carried out under different outlooks. Integrated risk assessment practices are frequently encountered in construction works [1, 2, 4, 10, 16, 17, 18, 19, 22, 23] . However, there are few studies conducted in other areas other than construction with the approach of AHP and Fine-Kinney. For example, in a large machine manufacturing company, an application was proposed with the integrated AHP Fine-Kinney approach in the assessment of OHS risks [15] . The integrated AHP Fine-Kinney approach was also similarly used in assessing the risks in rail transport [7] , in assessing the risks in the maintenance of ballast tanks [25] ; and to identify and calculate the risk priority of each hazard in an arms manufacturing company [8] . However, in the literature, no risk assessment studies with AHP and Fine-Kinney approach related to lifting vehicles or construction works.
This study aimed to calculate the importance level of each hazard criterion according to the opinions of expert labor inspectors and to integrate the weighted risk scores calculated with AHP in Fine-Kinney risk analysis application. With this method, new and hybrid risk scores are calculated for the lifting tools used in construction sites. Thus, the existing risks are more sensitively ranked and the negative impacts that may arise from the knowledge and experience of the persons preparing the risk assessment are reduced.
With this method, the risks associated with lifting vehicles are calculated by quantitative method and the sensitivity of the risk assessment is increased. Quantitative information is provided to support occupational health and safety experts in determining the measures and priorities to be taken at the site and planning preventive studies.
Fine-Kinney Risk Assessment Method
Fine-Kinney method was first proposed in 1971 by Fine W.T. as a method of risk assessment based on mathematical calculation with a study called 'Mathematical Assessment for the Control of Hazards'. In 1976, Kinney G.F. and Wiruth A.D., further developed under the name of 'Practical Risk Analysis for Occupational Safety Management' [5, 14] . In Fine-Kinney method, as in other risk assessment methods, it is a technique used to determine the order of implementation of the measures according to the ranking of the risks and where to use the resources first. Unlike other methods, it takes into account the frequency scale by taking into account the frequency of occurrence of the hazards. The method is applied as a quantitative method and its reliability is increased according to qualitative methods.
In Fine-Kinney method, there are three risk scales: Probability (P), Frequency (F) and Severty (S). Numerical values corresponding to verbal expressions are used. In applying this method, the risk score is calculated by finding the numerical values related to the hazards from the tables and multiplying the values. According to the method, a hazard is calculated with the formula: Risk Score (R) = Probability (P) x Frequency (F) x Severty (S) [5, 14] .
Probability in Fine-Kinney risk assessment method; the possibility of an undesirable hazard which may result damage in health or property.
The probability values are graded between 0.1 and 10 and the probability value is determined by evaluating whether the measures taken in the workplace are sufficient to prevent the occurrence of damages.
Frequency is the frequency of exposure to a certain period of time. In the method, the frequency values are defined between 0.5 and 10. When determining the frequency value, the frequency of exposure should be taken into consideration when doing the work, not the frequency of the work.
Severty is the estimated damage to human and/or the environment. In the method, the severity values are graded between 1 and 100 values, and if there is any doubt about the severity of the incident or if it is unstable, the higher score should be given.
Total Risk Score is obtained by multiplying the probability, frequency and severity values of the hazards at working areas. As shown in Table 1 , the level of risk is determined by looking at the range of the risk score obtained. According to the 
APPLICATION Data Collection Method and Prioritization of the Hazards with Ahp
In order to obtain data for AHP application within the scope of the research, the main hazard criteria and sub-criteria (hazards) were determined as a result of the examination of 1800 fatal accidents which occurred in construction sites between 2015-2018 and a questionnaire was prepared in order to calculate the weights of these criteria. The questionnaire is presented in a simplified way to compare the hazard criterias with each other, as shown in Table 2 .
Responses were gathered in separate forms with personal interviews from highly experienced labor inspectors in the Ministry of Labor Department of Guidance and Inspection, who are experts in safety and occupational accidents and inspected at least 50 different enterprises each year.
After the hazards were determined and the categories were formed, each hazard was compared with itself using the AHP method, and AHP table was formed. While forming the AHP tables, the experience of an expert could be exploited, and the AHP comparison tables could be formed by one expert. If there is more than one expert, an assessment is made based on each expert and then the average AHP value of experts can be found using the arithmetic average of the AHP values of the experts.
In this study, the questionnaire was applied to 14 labor inspectors. The purpose and the nature of the questionnaire and its intended results are described in detail. Participants were asked to determine the degree of severity according to the other criterion specified at the end of the line. The AHP method was used to calculate the hazard criteria weights according to the scores in the questionnaire through the matrix. Calculation was made based on each expert and used arithmetic average of the AHP values of the experts.
In questionnaire; 'Mechanical Criteria', 'Economic Criteria', 'Behavioral Criteria', 'Work Environment Criteria', 'Administrative Criteria', 'Demographic Criteria' and 'Organizational Criteria' are presented in the form of comparative headings for the calculation of the weighted scores of the main hazard criteria and their sub-criteria.
In order to calculate the total relative weight of each hazard criterion, the main hazard criteria were divided into various criteria and compared with the surveys conducted by the labor inspectors. Then, the overall weighted average scores of all sub-criteria, the total weighted scores of the main criteria and the total weighted scores of the sub-criteria within the main criteria were calculated.
Hazard criteria weights calculated by AHP method are presented in Table 3 :
Integration of Ahp Method with Fine-Kinney Risk Assessment Method
Firstly, the risk scores calculated by the Fine-Kinney method are ranked from large to small according to the size of the risk scores. Then, the hazard definitions stated in the risk analysis table are divided into classes according to the criteria specified in the survey conducted by the labor inspectors. During this classification, more than 200 construction site audit experience and occupational accident statistics were used. The Fine-Kinney risk score in the risk assessment table are multiplied by the global weight score of that criterion, which is the subclass category. The new risk scores updated with AHP are presented in tables according to their risk scores, including the scores obtained by the Fine-Kinney method, sorted by size (See Table 4 Risk score and ranking table prepared by integrated Fine-Kinney-AHP method).
The study was carried out as follows; • In the first stage, hazards were categorized and risk scores were calculated by using the Fine-Kinney method on lifting vehicles together with occupational safety experts in construction sites. • In the second stage, by taking into account the accident statistics related to lifting vehicles, the main hazard criteria related to lifting vehicles and their sub-criteria were determined. • In the third stage, severity of these main and sub-criteria was determined by a questionnaire applied to 14 labor inspectors and results were calculated by AHP method. Weighted (significance) scores of each main criterion and sub criterion were determined.
• In the fourth stage, the weighted global (overall) scores calculated for each sub-criterion were multiplied by the risk scores calculated by the Fine-Kinney for each hazard. • In the fifth stage, an integrated risk assessment score table was formed. The risks arising from the lifting equipment were ranked according to the risk score. 
Findings
Integrated risk scores of the Fine-Kinney and AHP methods are presented in Table 4 . The table shows the ranking of the scores when multiplied by the global (overall) weights calculated for the sub-criterion with the first risk score calculated with Fine-Kinney. Integrated risk scores were calculated with this formula:
Integrated Risk Score (IRS) = Global (Overall) Weighted Score of Sub-criterion (GWS) × Fine-Kinney Risk Score (FRS) Significant differences were found between the integrated risk ranking application and the risk ranking calculated by the Fine-Kinney method. For example, according to the Fine-Kinney method, a hazard (Failure to check bolts) in the third rank was increased to the first rank. Similarly, in the Fine-Kinney method, the 24th hazard was placed in the 7th rank (no warning signal in crane movement), the 27th ranked danger ranked 8th (Lack of lighting of the load hook), and the 29th ranked danger ranked 9th (Improper hooks).
On the other hand, in the Fine-Kinney table, the hazard in 5th (No grounding) is placed in 24th rank, the 12th hazard (Not performing the periodic controls of the cranes) is placed 20th, the 6th hazard (Hooks without safety catch) is placed 28th and the 4th hazard (Using cranes by unauthorized workers) is placed 33rd.
However, as seen in the first 6 lines of Table 4 , there is no significant difference in both Fine-Kinney rankings and after ranking AHP application for the hazards where very high risk score is calculated. In the case of Fine-Kinney, 3rd hazard was placed in the 1st rank and the 1st hazard was in 2nd place. In the same way, the 2nd hazard in the Kinney method was placed in the third rank, and the 7th rank was in the 4th rank.
The same applies to hazards with low risk scores. For example, hazards such as 'uneducated slingshot and maneuvering operators', 'lack of appropriate communication equipment', and 'the inability of the control panel to be used', have been found to be lower in the Fine-Kinney method and have not been able to up higher risk scores for AHP-determined scores. The applied method does not increase the insignificant risks to a very high degrees or does not reduce a significant hazard to the low rankings. These results also show us that the applied risk ranking method does not provide manipulative results for high risks which may have really vital consequences.
Another important result we have obtained with this method is that, there may be a risk score difference between the hazards that take the same risk scores with traditional methods. In the Fine-Kinney method, the number of hazards with 1800 risk points is 20, the number of hazards with 900 points is 24, and the number of hazards with 600 points is 7. These hazards in the same risk score were also graded according to the risk score with this method. Thus, the sensitivity of the risk assessment methods and the ability to rate risks have been increased with the method we have applied.
CONCLUSIONS
Lifting vehicles used in construction sites cause many fatal accidents. Within the scope of this study, the Fine-Kinney method was integrated with AHP and a new risk assessment was applied for the lifting vehicles. The risk scores were recalculated and ranked. Thus, the defects of the Fine-Kinney method were desired to be reduced. As a result of the application, the risk scores of many hazard criteria changed and many risks with the same score had different risk scores and the priorities was changed. As a result of the application, the hazards related to machines such as 'design errors', 'failure of periodic controls' and 'lack of maintenance' were found to be more important and priority. 'Behavioral criteria' including personal deficiencies such as 'lack of awareness' and 'inadequacy' were followed by high risk scores. 'Managerial errors' and 'working environment' have also been identified as another important causes of accidents.
